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DEVICES, SYSTEMS AND METHODS OF
ATTACHING SAME TO THE SPINE

BACKGROUND OF THE INVENTION

Back pain can be caused by a variety of factors, including,
but not limited to the rupture or degeneration of one or more
intervertebral discs due to degenerative disk disease, spon-
dylolisthesis, deformative disorders, trauma, tumors and the
like. In such causes, pain typically results from compression
or 1rritation of spinal nerve roots by reduced spacing
between adjacent vertebrae, a damaged disk and/or mis-
alignment of the spine resulting of the injury or degenera-
tion.

Common forms of treating such pain include various
types of surgical procedures that include mounting a plate
across two or more adjacent vertebrae to stabilize them,
including, but not limited to aligning the vertebrae to alle-
viate pain and achieve bony fusion between said vertebrae.
After installation of such a plate, once the patient has
recovered to the extent where the patient can at least sit
upright, the gravitational forces on the spine typically cause
some subsidence forces to be applied to the treated verte-
brae, particularly in cases where one or more grafts have
been placed between one or more pairs ol adjacent verte-
brae. Greater amounts of subsidence that what normally
occurs (as described above) can result from 1nadequate
grafting techmique, poor grait quality and/or poor bone
quality (e.g., osteoporosis).

Current plate systems do not provide a screw-plate inter-
face that 1s adequate to account for the subsidence that
occurs. Specifically, current systems do not allow suthlicient
angulation of the screws relative to the plane of the plate to
allow the screws to be oriented as needed during the 1naitial
anchoring of the plate to the vertebrae. Further, many current
systems do not allow axial movement of the screws relative
to the longitudinal axis of the plate to further accommodate
subsidence.

There 1s a continuing need for plates and plate systems
that allow improved angulation of screws relative to the face
or plane of the plate. There 1s a continuing need for plates
and plates systems that include dynamic features that allow
for axial changes 1n positioning of one or more screws
relative to the longitudinal axis or length dimension of the
plate that they are installed through, to dynamically accom-
modate subsidence. The present invention meets at least all
of the above needs.

SUMMARY OF THE INVENTION

In one aspect of the present mmvention, a system for
fixation to a spinal column 1s provided, including: a plate
having an anterior surface, a posterior surface, a longitudinal
axis, a transverse axis and a through hole passing through
the anterior and posterior surfaces; and a dynamic fixator
interface member configured and dimensioned to connect to
the plate within the through hole and to axially slide relative
to the plate in directions of the longitudinal axis, and
additionally, to rotate relative to the plate in directions about
the transverse axis.

In at least one embodiment, slots are provided 1n opposite
inner walls of the through hole, wherein the dynamic fixator
interface member slides in the slots.

In at least one embodiment, the slots are closed-ended,
1.€., open at an end opening to the surface of the mner walls
and closed at opposite end.
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In at least one embodiment, the dynamic fixator interface
member comprises a ring-shaped main body and first and
second extensions extending from {first and second sides of
the ring-shaped main body, wherein the first and second
extension slide 1n the slots.

In at least one embodiment, the first and second exten-
sions are configured to rotate in first and second directions
in the slot, relative to the transverse axis of the plate.

In at least one embodiment, the first and second exten-
sions each comprise a first end, a second end and an
intermediate location, wherein each intermediate location
has a first thickness, and each of the first and second ends
have a second thickness, the first thickness being greater
than the second thickness, and wherein the surfaces of the
extensions taper linearly from the intermediate location to
the first and second ends, respectively, for each of the first
and second extensions.

In at least one embodiment, an angle formed by one of the
tapered surfaces relative to a line connecting the first and
second ends of one of the first and second extensions 1s 1n
the range of about twenty-five degrees to about forty-five
degrees.

In at least one embodiment, the angle 1s about thirty
degrees.

In at least one embodiment, the dynamic fixator interface
member 1s configured to rotate up to about forty-five degrees
relative to the plate in directions about the transverse axis.

In at least one embodiment, the dynamic fixator interface
member 1s configured to rotate not greater than about thirty
degrees relative to the plate 1n directions about the trans-
Verse axis.

In at least one embodiment, the dynamic fixator interface
member further comprises an anti-backout mechanism con-
figured to prevent backout of a fastener therefrom, once the
fastener has been inserted through the dynamic fixator
member and fastened to the spinal column, the dynamic
fixator member having been located 1n the through hole.

In at least one embodiment, the dynamic fixator interface
member comprises a slotted ring shaped body comprising a
slot formed in an end of the body, and the anti-backout
mechanism comprises an extension extending from the
body.

In at least one embodiment, the system further includes a
fastener configured and dimensioned to be received and
locked 1n the dynamic fixator interface member.

In at least one embodiment, the fastener comprises a fixed
SCIEew.

In at least one embodiment, the fastener comprises a
variable screw.

In another aspect of the present invention, a plate system
for fixation to a spinal column 1s provided, including: a plate
having an anterior surface, a posterior surface, a longitudinal
axis, a transverse axis and a plurality of through holes
passing through the anterior and posterior surfaces; and at
least two of the through holes comprising closed-ended slots
formed 1n opposite mner walls of each of the at least two
through holes.

In at least one embodiment, a plurality of dynamic fixator
interface members are provided, wherein one of the dynamic
fixator iterface members 1s received 1n the slots of each
through hole having the slots, respectively, each dynamic
fixator interface member being configured and dimensioned
to slide 1n the respective slots of the through hole 1t 1s
received 1n, wherein sliding 1s permitted axially relative to
the plate in directions of the longitudinal axis.
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In at least one embodiment, each dynamic fixator inter-
face 1s configured and dimensioned to rotate in the slots,
relative to the plate, 1n directions about the transverse axis.

In at least one embodiment, a plurality of dynamic fixator
interface members are provided, wherein one of the dynamic
fixator interface members 1s recerved 1n the slots of each the
through hole having the slots, respectively, each dynamic
fixator interface member being configured and dimensioned
to rotate 1n the respective slots of the through hole it 1s
received 1in, wherein rotating 1s permitted relative to the plate
in directions about the transverse axis.

In another aspect of the present invention, a plate system
for fixation to a spinal column 1s provided, including: a plate
having an anterior surface, a posterior surface, a longitudinal
axis, a transverse axis and a plurality of through holes
passing through the anterior and posterior surfaces; and a
plurality of dynamic fixator mterface members, one of each
members received i one of each of the through holes,
respectively, each dynamic f{ixator interface member being
configured and dimensioned to connect to the plate within
the respective through hole and to slide relative to the plate
in a plurality of directions, and additionally, to rotate so as
to form an angle relative to the anterior surface of the plate.

In another aspect of the present invention, a method of
attaching a plate system to the spinal column 1s provided,
including: providing a plate having an anterior surface, a
posterior surface, a longitudinal axis, a transverse axis and
an upper through hole and a lower through hole, each
through hole passing through the anterior and posterior
surfaces; a first dynamic fixator interface member connected
in the upper through hole and a second dynamic fixator
interface member connected 1n the lower through hole, each
dynamic fixator interface member being configured and
dimensioned to rotate relative to the plate at an angle to the
anterior surface of the plate; and a fastener inserted through
cach dynamic fixator iterface member, respectively; rotat-
ing the fastener and dynamic fixator interface member 1n the
upper through hole so that a distal end of the fastener 1s
angled upwardly, relative to the upper through hole and the
plate; rotating the fastener and dynamic fixator interface
member 1n the lower through hole so that a distal end of the
tastener 1s angled downwardly, relative to the lower through
hole and the plate; fixing the fastener passing though the
dynamic fixator interface member in the upper through hole
to a first vertebra; and fixing the fastener passing though the
dynamic fixator interface member in the lower through hole
to a second vertebra below the first vertebra; and wherein the
dynamic fixator interface member in the upper through hole
and the dynamic fixator interface member in the lower
through hole are configured to slide axially in the respective
through holes, thereby permitting relative axial movement
between the first and second vertebrae via the fasteners,
relative to the plate.

In at least one embodiment, the plate 1s further provided
with an additional through hole with an additional dynamic
fixator interface member connected 1in the additional through
hole and a fixed fastener 1s 1nserted through the additional
dynamic fixator interface member, and the method further
includes fixing the fixed fastener passing though the addi-
tional dynamic fixator interface member 1n the additional
through hole to one of the first vertebra, second vertebra, or
an additional vertebra; wherein the fixed fastener 1s pre-
vented from angulating relative to the additional dynamic
fixator and the plate upon performance of the fixing of the
fixed fastener.
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These and other advantages features of the mvention will
become apparent to those persons skilled in the art upon
reading the details of the systems and methods as more fully
described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a perspective view of a plate according to
an embodiment of the present invention.

FIG. 1B shows a view of a posterior surface or a surface
that contacts the bone when the plate of FIG. 1A 1s attached
to bone.

FIG. 1C shows an end (side) view of the plate of FIG. 1A.

FIG. 1D shows a side section view of the plate of FIG. 1A.

FIG. 1E shows a view of an anterior surface or a surface
that faces away from the bone when the plate of FIG. 1A 1s
attached to bone.

FIG. 2A 1s a perspective view of a dynamic fixator
interface member according to an embodiment of the present

ivention.
FIG. 2B 1s a top view of the member of FIG. 2A.

FIG. 2C 15 a side view of the member of FIG. 2A.

FIG. 2D 1s an end (s1de) view taken from the left in FIG.
2B.

FIG. 2E 1s a detail view taken from circle 2E 1n FI1G. 2C.

FIGS. 3A-3B show a side view and a top view, respec-
tively, of a plate after installation of dynamic fixator inter-
face members 1nto {ixator receptor openmings according to an
embodiment of the present invention.

FIG. 4 1llustrates a top view of a dynamic member
according to an embodiment of the present invention.

FIGS. 5A-5B show a side view and a top view of a fixed
fastener according to an embodiment of the present inven-
tion.

FIGS. 6A-6B show a side view and a top view of a
variable fastener according to an embodiment of the present
ivention.

FIG. 7 illustrates a system in which members have been
installed 1n a plate and fasteners have been installed i the
members according to an embodiment of the present inven-
tion.

FIG. 8 illustrates a system according to an embodiment of
the present invention having been attached to the spinal
column of a patient.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Betfore the present devices, systems and methods are
described, 1t 1s to be understood that this invention 1s not
limited to particular embodiments described, as such may, of
course, vary. It 1s also to be understood that the terminology
used herein 1s for the purpose of describing particular
embodiments only, and 1s not intended to be limiting, since
the scope of the present invention will be limited only by the
appended claims.

Where a range of values 1s provided, it 1s understood that
cach intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range 1s also specifically
disclosed. Each smaller range between any stated value or
intervening value 1n a stated range and any other stated or
intervening value 1n that stated range 1s encompassed within
the mvention. The upper and lower limits of these smaller
ranges may independently be included or excluded 1n the
range, and each range where either, neither or both limits are
included 1n the smaller ranges 1s also encompassed within
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the invention, subject to any specifically excluded limit in
the stated range. Where the stated range includes one or both
of the limits, ranges excluding either or both of those
included limits are also included 1n the invention.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present invention, the
preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or mate-
rials in connection with which the publications are cited.

It must be noted that as used herein and 1n the appended
claims, the singular forms *““a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a level” includes a plurality of
such levels and reference to “the opening” includes refer-
ence to one or more openings and equivalents thereol known
to those skilled 1in the art, and so forth.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present appli-
cation. Nothing herein 1s to be construed as an admission
that the present invention 1s not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual pub-
lication dates which may need to be independently con-
firmed.

Definitions

A “fixed screw”, as used herein, refers to a screw that 1s
designed not to pivot, but rather to be constrained angularly
relative to the plate that 1t interfaces with.

A “variable screw”, as used herein, refers to a screw that
1s designed to pivot (within limits, 1.e., to be semi-con-
strained) relative to the plate that 1t interfaces with.
Description

Referring now to FIG. 1, a perspective view of a bone
plate 10 1s shown according to an embodiment of the present
invention. Bone plate 10 1s configured and dimensioned to
be implanted across two adjacent cervical disc spaces, which
may or may not retain the natural cervical discs and which
may, in either event include one or more implants therein.
The embodiment shown 1n FIG. 1 1s thus referred to as a
two-level plate 10, as 1t attaches to two levels of the spine
(top portion including top two openings 12 attaches to a first
vertebra, middle portion including middle two openings 12
attaches to the next vertebra that 1s immediately inferior to
the first vertebra, and the bottom portion including the
bottom two openings 12 attaches to the next vertebra that 1s
immediately inferior to the vertebra that the middle portion
1s attached to), 1.e., traversing two adjacent disc spaces.

Although reference 1s made to a two-level plate 10 for
description of the present invention, 1t 1s noted that the
present invention 1s not limited to a two-level plate, but may
be provided as a one-level plate, three-level plate, or more,
while employing the same dynamic features and screws
(although 1n fewer or greater numbers, depending upon the
number of levels spanned) as described herein with respect
to a two-level system. Plate 10, whether a two-level plate, a
one-level plate or a plate designed to span some other
number of levels, 1s configured and dimensioned to be fixed
anteriorly to adjacent cervical vertebrae.

It 1s further noted that the present invention 1s not only not
limited to two-level plates, but 1t 1s also not limited to
cervical plates, as larger versions of the plates described may
be provided for fixation to thoraco-lumbar vertebrae of the
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6

spine. Still further, the invention 1s not limited to anterior
fixation of a plate to the cervical, thoracic or lumbar spine,
as plates may be configured to be fixed to the lateral regions
of these spinal regions for example.

Plate 10 1s typically made of biocompatible titanium or
other biocompatible metal or alloy, but may alternatively be
made of a ngid biocompatible polymer or polymer compos-
ite. Plate 10 1s very low profile in thickness 11 (e.g., within
a thickness range of about 1.5 mm to about 3.0 mm
(typically about 2.2 mm) for use 1n treatment of the cervical
spine) and 1n medial-lateral width 14 (e.g., about 12 mm to
about 20 mm, 1n at least one embodiment, about 16 mm. The
height 16 of plate 10 will typically range from about 24 mm
to about 44 mm, typically about 30 mm for a two-level plate
10, from about 8 mm to about 18 mm, typically about 10 mm
for a one-level plate 10, and from about 45 mm to about 96
mm for greater than two-level plates, depending upon how
many levels are to be spanned, variations 1n dimensions
among patients, etc. For thoraco-lumbar spine applications,
including anterior and antero-lateral applications, height will
typically range from about 44 mm to about 64 mm, typically
about 52 mm for a two-level plate, height generally ranges
from about 12 mm to about 22 mm, typically about 16 mm
for a one-level plate and height ranges from about 69 mm to
about 14 mm for plates designed for more than two levels.
Width generally ranges from about 14 mm to about 30 mm
in the thoraco-lumbar embodiments and thickness generally
ranges from about 2.4 mm to about 4.0 mm 1n the thoraco-
lumbar embodiments.

Other thicknesses 11, widths 14 and lengths/heights 16 of
plate 10 may be employed to use 1n other areas of the body,
such as other bones, such as long bones, pelvis, etc. Plate 10
1s not typically planar for spinal uses (although 1t can be, for
other uses), but has a curvature along 1ts height direction (as
shown 1n the side view of FIG. 1C) and has a curvature along
the width direction (as shown in Fig. cross-sectional view of
FIG. 1D). In this way, the surface of the plate 10 that
contacts the vertebrae 1s concave along two axes (longitu-
dinal axis along the height 16 direction and transverse axis
along the width 14 direction) to better conform to the
anterior surfaces of the vertebrae that 1t 1s fixed to.

Plate 10 1s further provided with openings 12 and open-
ings 18, as best shown in the bottom view of FIG. 1B.
Openings 12 are fixator receptors each configured and
dimensioned to recerve a dynamic fixator interface member
40 (e.g., see FIG. 2B therein (e.g., see FIG. 3B). Openings
18 allow viewing of the graft or cage inserted between
adjacent vertebrae, so that the surgeon can visually confirm
that these have been correctly positioned.

FIG. 1E shows an opposite side view of what 1s shown 1n
FI1G. 1B. That 1s, FIG. 1B shows the surface that contacts the
bone when installed as designed, and FIG. 1E shows the
opposite surface. Cylindrical cutouts 20 are surface angled
at an angle defined to limit the maximum amount of rotation
around the rotation axis of the ring (in this example, thirty
degrees from a tlush orientation of the ring with the plate,
although this maximum angulation may be varied during
design of the plate 10). It can be seen that the cutouts 20
adjacent the cranmial-most openings 12 (pair of openings on
lett side of FIG. 1E, (i.e., openings 12 closest to cranial end
10CR 1 FIG. 1E) extend in a direction toward the caudal
end 10CA of plate 10. This increases the amount of angu-
lation that a fastener and/or driver can be angled relative to
the plate 10, to allow the maximum designed angulation of
the distal end of the fastener 1n the cranmial direction. The
cutouts 20 adjacent the caudal most openings 12 (i.e.,
openings 12 closest to caudal end 10CA 1n FIG. 1E) extend
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in a direction toward the cranial end 10CR of plate 10. This
increases the amount of angulation that a fastener and/or
driver can be angled relative to the plate 10, to allow the
maximum designed angulation of the distal end of the
fastener 1n the caudal direction. The cutouts 20 adjacent the
intermediate openings 12 (pair of openings 1n the middle 1n
FIG. 1E) do not employ cutouts 20. These arrangements of
cutouts, cutout orientations, and lack of cutouts are designed
to allow 1nsertion of the screws 70, 70" (or tools) at differing,
angles through the cranmial-most openings 12, intermediate
openings 12 and caudal-most openings 12, respectively, e.g.
see FIG. 7. Likewise, each of the screws/tools 1n a pair of
screws 70, 70" or tools can be independently angled relative
to the other screw or tool 1n the pair at the same level, as each
opening 12 receives a member 40 that 1s independently
rotational and translatable relative to the plate 10 and all
other members 40.

The anterior surface 10A or surface of the plate 10 that
faces away from the bone when the plate 10 1s installed, 1s
convex with a convex curvature along the longitudinal axis
L-L direction and a convex curvature along the transverse
axis T-T direction, e.g. see FIG. 1B.

The receptacle openings 12 are formed as oblong circles,
such that at least portions of opposing sides 12S are parallel
to one another, with opposing ends 12E being curved, as
shown 1n the middle two openings 12 of FIG. 1B. The end
openings are less curved.

FIG. 2A 1s a perspective view ol a dynamic fixator
interface member 40 according to an embodiment of the
present invention. FIGS. 2B and 4 show top views of the
member 40. Member 40 1s configured and dimensioned to
connect to plate 10 within a receptacle opening 12 thereof.
Member 40 1s configured with a thickness 42 that 1s slightly
less than thickness 11 of plate 10, e.g., about 0.10 mm to
about 0.50 mm thinner, 1n at least one embodiment config-
ured for the cervical spine, about 0.15 mm thinner, and 1n at
least one other embodiment configured for the cervical
spine, about 0.2 mm thinner. For thoraco-lumbar applica-
tions, the thickness 42 1s slightly less than thickness 11 of
plate 10 by a thickness 1n the range of about 0.15 to about

1.25 mm thinner.
The height/length 44 (see FIG. 2B) of member 40 1s less

than the height/length 22 (see FIG. 1 E) of the receptacle
opening 12 that 1t 1s received 1n. The gap formed between
member 40 and the wall forming opening 12 has to be big
enough to allow rotation and translation of the member 40
without touching the plate 10/wall defining the opening 12,
along the desired range of rotation and translation. The
length 44 ranges from about 4.0 mm to about 9.25 mm for
cervical applications, and in at least one embodiment, is
about 6.665 mm. For thoraco-lumbar applications, the
length 44 ranges from about 6.0 mm to about 23.125 mm.
The length of 22 ranges from about 5 mm to about 10 mm
for cervical applications, and 1n at least one embodiment 1s
about 7.5 mm. For thoraco-lumbar applications, the length
22 1s 1n the range of from about 7.5 mm to about 25 mm.
This, together with further features described below, allows
member 40 to slide axially relative to plate 10 in directions
along the longitudinal axis L-L.

The width 46 (see FIG. 2B) of the main body 48 of
member 40, at its widest portion, 1s substantially equal to the
width 24(see FI1G. 1B) of the receptacle opening 12 that 1t 1s
received 1n. The tolerance between the member 40/main
body 48 and the wall of the opening should be large enough
to allow the member to move freely, but small enough so that
the member 40 1s maintained 1n the opening 12 of plate 10.
Theretfore the dimension of 46 added to twice the dimension
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of 54 (see FIG. 2B) needs to be greater than the dimension
24 (see FIG. 1B). In at least one cervical embodiment, 46 1s
about 5.873 mmz=about 1 mm and 24 1s about 6 mm=about
1 mm, and 54 1s about 0.575 mm=about 0.5 mm. In at least
one thoraco-lumbar embodiment, 46 1s about 8.5 mm=about
2.5 mm and 24 1s about 9 mm=about 2.5 mm, and 54 1s about
1.0 mmzabout 0.5 mm. These arrangements substantially
prevent side to side movement (1.¢., translation in the
direction of transverse axis 1-T) and prevents skewing of
member 40 as 1t translates 1n the axial direction L-L.

The main body 48 1s substantially ring-shaped, as shown
in FIGS. 2A-2B, with the perimeter thereol forming an
oblong circle corresponding to the oblong circular shape of
opening 12, such that at least portions of opposing sides 485
are angled with respect to one another, such that the distance
between sides 48S nearer the slotted end 49 1s less that the
distance between sides 48S nearer the opposite end, with the
maximum distance 46 being shown i FIG. 2B. At least
portions ol opposing ends 48E are curved, as shown 1n FIG.
2B. Additionally, main body 48 1s formed as a split ring such
that one end 48E 1s provided with a wedge-shaped gap 49.
In one example, gap 49 1s about 1.2 mm wide at the bottom
(narrowest width) of the gap, although this width may vary
and be lesser or greater than 1.2 mm by about 0.75 mm. In
one thin member embodiment, 49 1s about 1.2 mm at the
bottom of the wedge and opens with an angle of about
twenty degrees to the top. The width at the top of the wedge
1s about 1.819mm.

An extension 50 1s provided on each side 48S of ring 40.
The extensions 50 extend 1n the transverse direction from
the flat side portions 48S, respectively, as shown 1n FIG. 2B.
Extensions 30 are configured and dimensioned to be
received 1n slots 26 (e.g., see FIG. 1A), that are provided in
the side walls 128, respectively. Slots 26 open at ends that
open to the mner surfaces of the side wall 128, to receive
extensions 30. However, the opposite ends of the slots 26 are
closed to the outer surfaces of side walls 12S. Extensions 50
have a convex contact surface 52, with the greatest distance
from the side surface 48S being about 1n the middle of the
contact surface. This distance (width dimension) 54 1s about
0.575 mm=0.25 mm and the dimension 25 1s about 0.65
mm=0.25 mm. Preferred tolerance between 48S and 128 1s
about 0.1 mm, more preferably about £0.03 mm. The
closed end 23 of the slot (at the bottom depth of) 24 1s curved
similar to the curvature of 52. Accordingly, the slot 26 forms
a curved surface with a maximum distance 25 into the side
12S. The length/height 26L (see FIG. 1A) of slot 26 1s
greater than the length/height 55 (see FIG. 2E) of extension
50. This allows extensions 50 to axially slide 1n slots 26 1n
directions along the longitudinal axis L-L. Height 55 of an
extension 50 may be a dimension within the range of from
about 1.55 mm to about 2.7 mm, typically from about 2.05
mm to about 2.2 mm. The dimension of 26L. may range, for
example from about 2.1 mm to about 3.1 mm, and, in at least
one embodiment, 1s preferably about 2.6 mm.

The thickness of extension 350 varies from a maximum
thickness 36M of an intermediate portion thereof to a

minimum thickness 56N at top and bottom ends of member
50, see FIG. 2E. Thickness 56M i1s only slightly less than

thickness 27 (see FIG. 1D) of slot 24. This provides a certain
amount of tolerance to allow extension 30 to axially slide 1n
slot 24, while mimimizing axial translation 1n the thickness
direction, and maintaining a secure connection of member
40 within the plate 10. The dimension 56M may range from
about 0.95 mm to about 1.55 mm, typically from about 1.15
mm to about 1.35 mm. The dimension 56N 1s about 0.2 mm
to about 0.3 mm. The dimension of 27 1s 1n the ranged of
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about 1.25mm to about 1.35 mm. The tolerance between
56M and 27 forms a gap of about 0.0095 mm to about 0.15
mm, more preferably about 0.098 mm to about 0.13 mm.
Extensions 50 are tapered in the thickness dimension, from
the maximum thickness S0M at the intermediate location, to
the minimum thicknesses 50N at the top and bottom ends of
extension 50 as shown in FIGS. 2C and 2E. The tapered
surtaces 50T of extension 50 allow the extension 50 and thus
the member 40 to rotate about the transverse axis T-T
relative to plate 10. Surfaces 50T taper linearly from thick-
ness S0M to thickness 50N as shown in FIG. 2E. An angle
57 (see FIG. 2C) formed by one of tapered surfaces 50T
relative to a line 58 connecting the top and bottom ends and
passing through the center, 1in the thickness dimension of
extension 50, as shown 1n FIG. 2C 1s 1n the range of about
twenty-five degrees to about forty-five degrees, typically
about thirty degrees. Accordingly, this provides a dynamic
fixator interface member 40 installed 1n opening 12 with the
ability to rotate up to about forty-five degrees (typically
about thirty degrees) relative to plate 10 1n each of opposite
directions about the transverse axis T-T.

Dynamic fixator interface member 40 1s thither provided
with an anti-backout mechanism 60 (see FIG. 2A) config-
ured and dimensioned to prevent backout of a fastener 70,
70" therefrom, once the fastener 70, 70' has been inserted
through the dynamic fixator member 40 and fastened to the
spinal column 1, for example. When the fastener 70, 70' 1s
inserted through the member 40, the tapered part of the head
of the fastener 70, 70' expands the member 40 (enabled by
the slot 49) until the shoulder (e.g., distal end) of the head
passes the shoulder 60 on member 40. The member 40 then
recoils to 1ts original, non-expanded configuration such that
shoulder 60 overlies the shoulder of the fastener 70, 70'. The
shoulder 60 thus prevents the fastener from backmg out of
the member 40 unless the member 40 1s intentionally forced
into an expanded configuration, such as by inserting a tool
in gap 49 to wedge it apart. In the embodiment shown 1n
FIG. 2A, anti-backout mechamism 60 comprises an exten-
s1on or shoulder extending inwardly from the main body 48
of member 40.

FIGS. 3A-3B show a side view and a top view, respec-
tively, of plate 10 after installation of dynamic fixator
interface members 40 1nto fixator receptor openings 12. To
install a fixator interface member 40 1nto a fixator receptor
opening 12, the main body 48 1s squeezed so as to flex the
opposite portions adjacent gap 49, thereby temporarily
reducing the width of the gap 49. This also temporarily
reduces the overall width (54 plus 46 plus 54) of member 40,
thereby allowing extensions 50 to be more easily fitted into
slots 24. Once extensions 50 have been received 1n slots 24,
the squeezing force on the main body 48 can be released,
whereby the main body resiliently returns to its original
shape and dimensions, pre-squeezing. Such as shown 1n
FIG. 2B. Thus, the member 40 returns to its original width
whereby extensions 50 are securely retained within slots 24
(while still allowing axial translation and rotation, as
described above. The orientations of the slots/gaps 49 (e.g.,
up for the top members 40, down for the inferior members
40 and one up, one down for the imtermediate members 1n
FIG. 3B) are orient to provide easy access to and visualiza-
tion of the slots 1if removal of a fastener 70, 70' 1s desired,
based on common fastener placements and angulation rela-
tive to the plate 10 during an 1implantation.

Once dynamic fixator mterface members 40 have been
installed 1n openings 12 of plate 10, as described above, then
fasteners 70, 70' can be installed 1in fixator interface mem-
bers 40. FI1G. 7 illustrates a system 100 1n which members
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40 have been 1nstalled 1n plate 10 and fasteners 70, 70" have
been 1nstalled 1n members 40. In the embodiment shown 1n
FIG. 7, fixed screws 70 have been installed in the interme-
diate members 40, while variable screws 70' have been
installed 1n the members 40 of the top end portion and
members 40 of the bottom end portion. Once the variable
screw 70" 1s locked (i1.e., engaged with the anti-backout
mechanism 60 of member 40), member 40 can still rotate
and translate. Fixed screw 70 does not angulate relative to
member 40 either, after complete installation of screw 70
into member 40. There 1s no angulation between the member
40 and the fixed 70 or variable 70' screws, which angulate
only to the amount of angulation ability of member 40
relative to plate 10. Thus, both screws 70 and 70" have the
same angle range, which 1s the range of the angulation
ability of the member 40 relative to the plate 10.

The fixed screw 70 has a tapered head 70T upper part
(above the shoulder of the antibackout mechanism), whereas
the vaniable screw 70' has a cylindrical head 70C upper part
(above the shoulder of the antibackout mechanism). The
cylindrical head 70C of the variable screw 70" lets the
member 40 recoil to 1s original (unexpanded/relaxed) shape
and thus, allow the same motion of the member 40 with the
screw 70' locked inside relative to the plate 10, 1.e., 1t creates
a non-constrained interface. In contrast, the tapered head
70T of the fixed screw 70 expands the member 40 to create
friction between the flats 48s of the member 40 and the flats
12s of the plate 10, thus maintaining the angle of the member
40 (with the screw 70 inside) relative to the plate 10, 1.e., 1t
creates a constrained interface.

FIG. 8 1llustrates system 100 having been attached to the
spinal column 1 of a patient. Specifically, FIG. 8 shows
system 100 having been attached to the anteriorly to verte-
brae 3, 3' and 3". To perform this attachment/implantation,
fasteners (e.g., variable screws) 70" passing through the
members 40 1n the top portion of plate 10 are angulated so
that the pointed distal ends of the fasteners 70' are angled
upwardly, like illustrated in FIG. 7, fasteners (e.g., fixed
screws) 70 passing through the middle members 40 1n plate
10 are oriented perpendicular relative to the face of plate 10
(also like shown in FIG. 7) and {fasteners (e.g., variable
screws) 70' passing through the members 40 in the bottom
portion of plate 10 are angulated so that the pointed distal
ends of the fasteners 70" are angled downwardly, (also like
illustrated in FIG. 7). The fasteners 70' in the top portion are
attached (e.g., screwed into) vertebra 3 along upwardly
angled pathways corresponding to the upward orientations
of the fasteners 70' of the top portion. Fasteners 70 in the
middle portion are attached (e.g., screwed 1nto) vertebra 3'
along generally horizontal (i.e., perpendicular to the face of
plate 10, substantially horizontal when the patient 1s stand-
ing) pathways corresponding to the perpendicular orienta-
tions of the fasteners 70 of the middle portion. Fasteners 70’
in the bottom portion are attached (e.g., screwed into)
vertebra 3" along downwardly angled pathways correspond-
ing to the downward orientations of the fasteners 70' of the
bottom portion of plate 10.

Once system 100 1s attached as shown m FIG. 8 and
described above, the patient can be closed according to
known techniques to complete the implantation process.
Once the patient has recovered to the extent where the
patient can at least sit upright, the gravitational forces on the
spine 1 typically cause some subsidence forces to be applied
to the treated vertebrae 3, 3'.3" particularly 1n cases where
one or more grafts have been placed between one or more
pairs of adjacent vertebrae. System 100 allows this subsid-
ence to occur, thereby maintaining optimum contact and
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pressure on any grafts that may have been placed to maxi-
mize the chances for successiul union. The ability of mem-
bers 40 to slide axially, when varniable screws 70" are used,
relative to plate 10 allows the subsidence to occur without
untoward resistance toward the subsidence movements.
Likewise, the ability of the members 40, along with variable
fixators 70', to rotate prevents binding of the fixators 70" so
that they do not resist the subsidence movements.

While the present invention has been described with
reference to the specific embodiments thereof, 1t should be
understood by those skilled in the art that various changes
may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a
particular situation, material, composition of matter, pro-
cess, process step or steps, to the objective, spirit and scope
of the present invention. All such modifications are intended
to be within the scope of the claims appended hereto.

That which 1s claimed 1s:

1. A system for fixation to a spinal column, said system
comprising: a plate having an anterior surface, a posterior
surface, a longitudinal axis, a transverse axis normal to said
longitudinal axis and a through hole passing through said
anterior and posterior surfaces, said through hole shaped as
an oblong circle 1n said anterior surface of said plate, the
oblong circle having a major diameter oriented along the
longitudinal axis of said plate, and having opposing sides
parallel to one another; a dynamic fixator interface member
configured and dimensioned to connect to said plate within
said through hole and to axially slide 1n translation relative
to said plate 1n a direction along said longitudinal axis, and
additionally, to rotate relative to said plate 1n directions
about said transverse axis; wheremn said dynamic fixator
interface member comprises a ring-shaped body having a
gap 1n its perimeter, thereby allowing said ring-shaped body
to be compressed for insertion into said through hole, as well
as to be expanded to lock flat sides of said rnng-shaped body
against said opposing walls of said through hole to prevent
rotation of said dynamic fixator interface member relative to
said plate; a variable fastener having a head configured to be
received 1n an opening of said ring-shaped body such that,
after receiving said head of said variable fastener, said
ring-shaped body resumes an original, unexpanded configu-
ration and can rotate relative to said plate; and a fixed
fastener having a head configured to be received in said
opening of said ring-shaped body such that, after receiving
said head of said fixed fastener, said ring-shaped body 1s
expanded to contact said flat sides against said opposing
sides of said through hole, thereby preventing rotation of
said dynamic fixator interface member relative to said plate.

2. The system of claim 1, further comprising slots in
opposite 1nner walls defining opposing sides defining
through hole, wherein said dynamic fixator interface mem-
ber axially slides 1n said slots.

3. The system of claim 2, wherein said dynamic fixator
interface member comprises first and second extensions
extending from flat sides of said ring-shaped body, wherein
said first and second extensions slide 1n said slots.

4. The system of claim 3, wherein said first and second
extensions are configured to rotate 1 first and second
directions 1n said slots, relative to said transverse axis of said
plate.

5. The system of claim 3, wherein said first and second
extensions each comprise tapered surfaces, a first end, a
second end and an intermediate location, wherein each said
intermediate location has a first thickness, and each of said
first and second ends have a second thickness, said first
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thickness being greater than said second thickness, and
wherein said tapered surfaces of said extensions taper lin-
carly from said intermediate location to said first and second
ends, respectively, for each of said first and second exten-
S101S.

6. The system of claim 5, wherein an angle formed by one
of said tapered surfaces relative to a line connecting said first
and second ends of one of said first and second extensions
1s 1n the range of twenty-five degrees to forty-five degrees.

7. The system of claim 6, wherein said angle 1s thirty
degrees.

8. The system of claim 2, wherein said slots are positioned
in alignment parallel to said longitudinal axis.

9. The system of claim 1, wherein said dynamic fixator
interface member 1s configured to rotate up to forty-five
degrees relative to said plate in directions about said trans-
verse axis.

10. The system of claim 1, wherein said dynamic fixator
interface member 1s configured to rotate not greater than
thirty degrees relative to said plate in directions about said
transverse axis.

11. The system of claim 1, wherein said dynamic fixator
interface member further comprises an anti-backout mecha-
nism configured to prevent backout of a fastener therefrom,
once the fastener has been inserted through the dynamic
fixator mterface member and fastened to the spinal column,
said dynamic fixator interface member having been located
in said through hole.

12. The system of claam 11, wherein said anti-backout
mechanism comprises an extension extending from said
body.

13. The system of claim 1, wherein said fixed fastener
comprises a fixed screw and said head of said fixed screw
comprises a tapered head that increases 1n size toward a
proximal end of said head.

14. The system of claim 1, wherein said variable fastener
comprises a variable screw and said head of said variable
screw 1s cylindrical.

15. The system of claim 1, comprising:

at least two of said dynamic fixator interface members;
and

at least two of said through holes comprising closed-
ended slots formed 1 opposite inner walls of each of
said at least two through holes, said closed-ended slots
configured and dimensioned to connect with said at
least two dynamic fixator interface members, respec-
tively and to allow subsidence of vertebrae of the spinal
column that said plate system 1s adapted to be fixed to.

16. A plate system for fixation to a spinal column, said
plate system comprising:

a plate having an anterior surface, a posterior surface, a
longitudinal axis, a transverse axis normal to said
longitudinal axis and a plurality of through holes pass-
ing through said anterior and posterior surfaces, said
through holes having a length and a width, said length
being greater than said width, and wherein side walls of
said through holes extend parallel to one another and to
said longitudinal axis and define sides of said through

holes from said anterior surface to said posterior sur-
face, wherein each through hole of said plate 1s con-
figured to receive a dynamic fixator interface member,
wherein said dynamic fixator interface member com-
prises a ring-shaped body having a gap in 1ts perimeter,
thereby allowing said ring-shaped body to be com-
pressed for msertion into said through hole, as well as
to be expanded to lock flat sides of said ring-shaped
body against said opposing walls of said through hole
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to prevent rotation of said dynamic fixator interface
member relative to said plate; a variable fastener hav-
ing a head configured to be received 1n an opening of
said ring-shaped body such that, after receiving said
head of said variable fastener, said ring-shaped body
resumes an original, unexpanded configuration and can
rotate relative to said plate; and a fixed fastener having
a head configured to be received 1n said opening of said
ring-shaped body such that, after receiving said head of
said fixed fastener, said ring-shaped body 1s expanded
to contact said flat sides against said opposing sides of
said through hole, thereby preventing rotation of said
dynamic {ixator interface member relative to said plate;

at least one viewing opening located between at least two
of said through holes along a direction of said longi-
tudinal axis, said at least one viewing opening being
configured to allow viewing of a grait or cage iserted
between adjacent vertebrac when said plate 1s
implanted to the vertebrae; and

at least two of said through holes comprising closed-

ended slots formed 1n said side walls of each of said at
least two through holes, said closed-ended slots con-
figured and dimensioned to allow ftranslation of
received therein, in directions that said longitudinal
axis.

17. The system of claim 16, wherein one of said dynamic
fixator interface members 1s recerved 1n said slots of each
said through hole having said slots, respectively, each said
dynamic {ixator interface member being configured and
dimensioned to slide 1n the respective slots of said through
hole 1t 1s recerved 1n, wherein sliding 1s permitted axially
relative to said plate 1n directions of said longitudinal axis.

18. The system of claim 17, wherein each said dynamic
fixator interface member 1s configured and dimensioned to
rotate 1n said slots, relative to said plate, in directions about
said transverse axis.

19. The system of claim 16, wherein one of said dynamic
fixator interface members 1s recerved 1n said slots of each
said through hole having said slots, respectively, each said
dynamic {ixator interface member being configured and
dimensioned to rotate 1n the respective slots of said through
hole 1t 1s received 1n, wherein rotating 1s permitted relative
to said plate 1n directions about said transverse axis.
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20. A plate system for fixation to a spinal column, said

system comprising:

a plate having an anterior surface, a posterior surface, a
longitudinal axis, a transverse axis normal to said
longitudinal axis and a plurality of through holes pass-
ing through said anterior and posterior surfaces, the

through holes having a length and a width, said length
being greater than said width;

a plurality of dynamic fixator interface members, one of
cach members recerved in one of each said through
holes, respectively, each said dynamic fixator interface
member being configured and dimensioned to connect
to said plate within said respective through hole and to
axially slide 1n translation relative to said plate 1n a
direction along the longitudinal axis, and additionally,
to rotate so as to form an angle relative to said anterior
surface of said plate wherein each dynamic fixator
interface member comprises a ring-shaped body having
a gap 1n 1ts perimeter, thereby allowing said ring-
shaped body to be compressed for insertion into said
through hole, as well as to be expanded to lock flat sides
of said ring-shaped body against said opposing walls of
said through hole to prevent rotation of said dynamic
fixator interface member relative to said plate;

a variable fastener having a head configured to be
received 1n an opening of one of said dynamic fixator
interface members such that, after recerving said head
of said variable fastener, said dynamic fixator interface
member resumes an original, unexpanded configura-
tion and can rotate relative to said plate; and

a fixed fastener having a head configured to be received
in said opening of one of said dynamic fixator interface
members such that, after receiving said head of said
fixed fastener, said dynamic fixator interface member 1s

expanded to contact said sides of said dynamic fixator
interface member against opposing sides of said
through hole, thereby preventing rotation of said

dynamic fixator interface member relative to said plate.

21. The system of claim 20, wherein said opposing sides

extend parallel to each other and parallel to said longitudinal
axis.
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